as ErbB1). NRG1 directly binds to ErbB3 and ErbB4 receptors, which alone or in combination with
), raising the possibility that it may also play a similar role for some neuronal types. Here, we present evidence that NRG1 is a chemoattractive factor for MGE-derived neurons and that NRG1/ErbB4 signaling plays a prominent role in the directional guidance of GABAergic interneurons from the subpallium to the developing cortex. Using isoform-specific RNA probes, we found that Nrg1-CRD ϩ is expressed throughout the LGE, from the subventricular zone to the developing striatal mantle 1E-1I and Supplemental Figure S1 at http://www.neuron. org/cgi/content/full/44/2/251/DC1/). In addition, the de-( Figures 1B, 1G, and 1H) . As previously reported, Semaphorin3A (Sema3A) and Semaphorin3F (Sema3F) were veloping cortex-the target of the migrating ErbB4 ϩ interneurons-specifically expressed the diffusible form found to be expressed in the striatal mantle ( Figures  1E-1G ), where they create an inhibitory territory that of the Nrg1 gene, Nrg1-Ig ( Figure 1C and Supplemental Figure S1 ). At the stage when migrating interneurons migrating cortical interneurons avoid in their way toward the cortex (Marín et al., 2001) . Interestingly, the analysis first enter the cortex (approximately at E13), Nrg1-Ig expression is stronger in lateral than medial regions of of adjacent sections revealed that the tangentially migrating ErbB4-expressing cells follow a corridor through the cortex throughout the whole rostrocaudal extent of telencephalon (Supplemental Figure S1 ). Nrg1-Ig exthe LGE that is Nrg1-CRD ϩ and that lacks Semaphorin3A/3F (Sema3A/3F) expression ( Figures 1A, 1B, and pression, however, expands to more medial regions of In coculture experiments, the majority of MGE-derived To test this, we examined cortical interneurons in mice cultured along with a piece of embryonic cortex, the maximum angle adopted by neurons migrating within sectors lacking either ErbB4 or Nrg1. Reduced Numbers of Cortical GABAergic 6A and 6B). As expected from these initial migratory defects, the embryonic cortex of ErbB4 Ϫ/Ϫ HER4 heart mu- ErbB4 ϩ cortical interneurons, tangentially migrating the cerebral cortex in postnatal mice. Gross anatomical observation of Nissl-stained coronal sections through cells also failed to enter the LGE corridor and reach the cortex in Nrg1 conditional mutant embryos at the onset the telencephalon of rescued ErbB4 mutant mice did not reveal gross morphological defects in 3-week-old of migration (n ϭ 3; Figures 6E and 6F) . Moreover, similar to ErbB4 Ϫ/Ϫ HER4 heart mutants, the number of migrating mice ( Figures 7A and 7B) . Nevertheless, immunohistochemical analysis using anti-GABA antibodies demoninterneurons in the cortex of Nrg1 conditional mutants was also reduced at E14.5 (data not shown). Thus, the strated a significant decrease in the number of GABAϩ cells in the postnatal cortex of rescued ErbB4 mutant embryonic phenotypes of the two mutant lines fully support the in vitro evidence that ErbB4/Nrg1 signaling parmice compared to controls (n ϭ 3; Figures 7C and 7D) . Quantification of these defects at different rostrocaudal ticipates in controlling the tangential migration of interneurons to the cortex. levels of the cerebral cortex showed that the number of GABAϩ interneurons was normal at rostral cortical Although Nrg1 conditional mutants die perinatally  (A.N.G. and C.B., unpublished data) , ErbB4 Ϫ/Ϫ HER4 heart levels, but there was a significant reduction at midcortical and caudal cortical levels ( Figure 7E ). The decrease mice develop to adulthood, allowing the examination of migrating toward the cortex expresses ErbB4. In the LGE, these cells move through a corridor that expresses a membrane bound form of NRG1, which may act as a permissive cue for their migration. Moreover, the developing cortex expresses a diffusible isoform of NRG1, which in vitro acts as a potent attractant for MGEderived cells. Furthermore, loss of ErbB4 or NRG1 function perturbs interneuron migration to the cortex and alters the number of GABAergic interneurons in the postnatal cortex. Consequently, we suggest that NRG1/ ErbB4 interactions mediate both short-and long-range attraction for tangentially migrating interneurons at different stages of their journey and that this signaling system is required for the normal development of a subpopulation of cortical interneurons. 
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